Nosocomial infections caused by oxacillin-resistant (Oxar) Staphylococcus aureus lead to an increasing problem in intensive care units, where virulent bacteria can spread from infected patients to the medical staff as well as to other patients with severe underlying conditions (25, 30) . These strains have gradually become resistant to multiple additional antibiotics, such as aminoglycosides, macrolides, lincosamides, and fluoroquinolones (1, 23, 24) , and were encouraged by the extensive use of antibiotics in intensive care units (3, 14, 27) .
Various epidemiological markers, such as antibiotic susceptibility pattern and bacteriophage type, have been used for studies of outbreaks (3, 4, 6, 14, 27) . Strains of S. aureus have been identified by capsular type (2, 19) , and studies have shown the predominance of capsular types 5 and 8 among clinical isolates both in the United States (2) and in Europe (8, 19, 29) . Electrophoretic analysis of cellular extracts, followed by staining for esterase activity, is a powerful tool for intraspecies delineation of bacteria (18, 28) and has been used for the study of methicillin-susceptible and methicillin-resistant strains of S. aureus (9, 10) . This method can also provide extensive data for epidemiological investigations (11, 20) .
We present here the results of the study of an outbreak of S. aureus in the Hôtel-Dieu hospital (Paris, France). In addition to antibiogram and phage type, capsular type and esterase electrophoretic type of the strains isolated from both patients and carriers were investigated. The overall comparison between these markers allowed the differentiation of the epidemic strain and the various other isolates of S. aureus that were found. The bacteria were suspended in phosphate-buffered saline and autoclaved at 121°C for 1 h. After centrifugation for 10 min at 10,000 X g, the polysaccharides were detected in the supernatant by inhibition enzyme-linked immunosorbent assay (8) , by using purified capsular antigen preparations (16, 17) and the corresponding monoclonal antibodies. Strains lacking both type 5 and type 8 capsular polysaccharides were designated as nontypeable.
Esterase electrophoretic typing. The electrophoretic mobility pattern of esterases was investigated as previously described (9) . Briefly, esterases from supernatant fluids of lysostaphin-treated staphylococcal cultures were analyzed by polyacrylamide-agarose gel electrophoresis. They were characterized by their activities toward five synthetic substrates (a-and ,3-naphthyl acetates, a-and P-naphtyl butyrates, and indoxyl acetate), by their resistance to diisopropyl fluorophosphate, and by their heat inactivation characteristics.
RESULTS
Antimicrobial susceptibility testing. S. aureus isolates from all six patients were found to be highly resistant to oxacillin, since growth was detected to the disk edges. They were also resistant to penicillin G, aminoglycosides, tetracycline, erythromycin, lincomycin, sulfonamides, rifampin, and pefloxacin but were found susceptible to chloramphenicol, pristinamycin, trimethoprim, fusidic acid, vancomycin, and fosfomycin (Table 1) . 4 and 6. After 10 days of vacation, his nasal cultures were found negative for S. aureus. Carrier 13 was a nursing assistant involved with patient care throughout the ward; he was treated with intranasal bacitracin ointment four times a day for 10 days and was cleared of nasal carriage when he returned to work in the hospital 2 weeks later.
The remaining 11 carrier isolates were found susceptible both to oxacillin and to multiple other antibiotics. Four different antimicrobial susceptibility patterns (Table 1) were exhibited.
Phage typing. The isolates from the six patients and from carrier 13 were phage type 77 ( Table 1 ). The isolate from carrier 12 was lysed by phage 77 and by four additional group III phages (phages 6, 54, 75, and 85). Six other isolates had five different phage types, and five isolates were nontypeable, even at 100-fold the routine test dilution (Table 1) .
Capsular typing. The isolates from the six patients were capsular type 5. The isolates from carriers 12 and 13 were also type 5 ( Table 1) . Among the other carriers, four isolates were type 5, five were type 8, and two were nontypeable (Table 1) .
Esterase electrophoretic typing. All isolates from the six patients were esterase type 6. The isolates from carriers 12 and 13 were also esterase type 6 (Table 1) . Seven different other esterase types were observed among the isolates from the remaining carriers (Table 1) .
Control strains. Only 7 of 31 control isolates were the same capsular type, 5, esterase type, 6, and phage type, 77, as the epidemic strain. One of these strains was from the Hôtel-Dieu hospital, three were from one other hospital, and the remaining ones were of different origins.
DISCUSSION
The admission of a patient infected with a multipleantibiotic-resistant S. aureus strain to an intensive care unit resulted in a nosocomial outbreak. The use of several markers showed a full correlation between the results for the isolates from the six patients and those from 1 of the 13 carriers. The isolate from another carrier differed only by its susceptibility to rifampin and by the phage lysis characteristics. The other carriers harbored oxacillin-susceptible strains, which exhibited striking phenotypic diversity. For oxacillin-susceptible strains, the delineation was best achieved when antibiotic susceptibility pattern and phage typing were combined with capsular typing and esterase typing. These isolates exhibited various phenotypes, and the overall results of typing methods showed them to belong to at least nine different populations.
The full concordance, in terms of all markers, between the isolates from patients and that from one carrier is in contrast with the diversity of results obtained from the other isolates. This confirms the interest of a typing system using several markers for epidemic investigations. These markers allow the responsible strain to be traced and managed in order to prevent further spread of the infection.
